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Abstract. Twelve adult male rats were used. Six rats were randomly selected to 
serve  as  control  and  six  as  exercised  animals.  The  exercised  rats  underwent  a 
swimming programme. Swimming exercise appeared to have little effect upon the 
cross sectional areas of type  I and type II muscle fibres. The mean volume of 
myonucles and the capillary length per unit volume of muscle was found to be 
significantly increased.                                           (Biol.Sport 20:261-268, 2003) 
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Introduction 
 
  The  effects  of  exercise  on  the  functional  properties  of  diaphragm  muscle 
appears controversial in that some investigators have reported that exercise results 
in an increase in respiratory capacity [11,17,22], whilst other investigators have 
reported that exercise fails to increase diaphragmatic respiratory, capacity [6,20]. 
  Information  on  the  effects  of  training  on  the  muscle  fibre  types  in  the 
diaphragm is scarce though Faulkner et al. [5] and Lieberman et al. [17] reported 
increases in the percentages of type I fibres in guinea pig diaphragm after training 
Metzger  et  al.  [21]  has  reported  some  changes  in  the  capillary  density  after 
exercise in the rat. 
  Studies of the effects of exercise on the diaphragm are of considerable interest 
for reasons additional to those applying to muscles of the peripheral locomotor 
system. First, the function of the diaphragm is similar in all mammalian species 
and not subject to species modification as often found in the locomotor system. 
Second,  the  different  adaptation  stimuli  such  as  isometric  or  even  eccentric 
exercise which may be operating even unsuspected in different species is not a 
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complicating factor in diaphragm studies. The responses of diaphragm muscle can 
be regarded as consistent solely with that of an isotonic exercise response. 
  The present study was undertaken to determine whether a swimming exercise 
regime could induce alterations in the muscle fibre sizes, the myonuclear contents 
and capillary properties of the diaphragm of the rat. 
 
Material and Methods 
 
  Twelve  adult  male  rats  of  average  weight  255  g  were  used.  Six  rats  were 
randomly  selected  to  serve  as  controls  and  six  as  exercised  animals.  The  two 
groups were kept in two identical large communal cages 50 cm by 38 cm, the floor 
of which consisted of smooth plastic. The animals were allowed food and water ad 
libitum. The cages were maintained in a busy animal house at a relatively constant 
temperature  of  18°C  to  22°C  with  alternating  12-hour  periods  of  light  and 
darkness. 
  The exercised rats underwent a swimming programme consisting of gradually 
increasing periods of communal swimming in a tank 1.25 m x 100 m containing 
water to a depth of 50 cm at a temperature of 35°C. The rats swam twice a day for 
a maximum of 30 min in each period of exercise for 30 consecutive days. During 
the first 6 days the duration of exercise was gradually increased from an initial 
period of 5 min to the maximum permissible period of 30 min. The two daily 
exercise periods were separated by a rest interval of at least 6 h. At the completion 
of  each  period  of  swimming  exercise  the  rats  were  removed  from  the  water, 
carefully dried and returned to their cages. 
  Following  the  last  exercise  period  on  the  23
rd  day  the  exercised  rats  were 
sacrificed on the 24
th day. 
  Standard tissue preparations as previously used in other investigations [12,16] 
were followed. The EDL muscles were initially fixed at their resting length using 
3% glutaraldehyde contained in 0.1 M phosphate buffer at pH 7.3. A slice lmm. 
thick was cut from the midbelly central region of each muscle, cut into 6 pieces 
and additionally fixed for 4 h in fresh phosphate buffered 3% glutaraldehyde ad 
4°C. They were then transferred to 0.1M phosphate buffer at pH 7.3 to which 
sucrose had bee n added to a final concentration of 10%. The specimens were then 
placed in a 2% aqueous solution of osmium tetroxide for 1 h at 4°C, dehydrated in 
alcohol and embedded in Araldite. Four muscle blocks were selected randomly for 
quantitative analysis. 
  Semi thin transverse and longitudinal sections were cut at 0.5 p.m and stained 
with toluidine blue contained in Borax at 90°C [24]. The numerical densities of The effect of swimming exercise 
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nuclei, i.e. the number of nuclei per unit volume of muscle,  V N  were estimated 
from measurements using the relation 
l
V
N
A
V   
where  A N  and l  are the number of nuclear profiles seen per unit transverse area 
of muscle and l  their mean length seen in longitudinal sections [1,3].  
  Mean volumes of nuclei, (v ), were estimated using the relation 
v  = 
V
V
N
V
 
and  V V  is the nuclear volume fraction.  V N  is the number of nuclei per unit of 
muscle volume. 
  For  quantitative  analyses  on  capillary  densities,  length  densities,  V L ,  and 
measures of orientation  1,3 random sampling fields were obtained as previously 
described [13,14] using a Leitz Orthoplan microscope. Capillary profile density 
counts per unit area of muscle cross section were obtained from transverse and 
longitudinal sections,   A N  and  A N || respectively. The length density of capillaries 
per unit volume of muscle,  V J  was estimated using the relation 
V J  = 
3
2   || ) ( 2 ) ( A A N N    
whilst the relative degree of orientation of the capillary  network (concentration 
coefficient, K) on the assumption of a monodisperse distribution of line elements 
in space [27] was calculated from the relation 
2  K
 
   


 



 A
A
N
N
(
1
||  
The minimum intercapillary distance, ICD, was calculated from the relation [23] 
 
  3
2


A N
ICD  
  Student’s t test and the Welch test [18] were used. An a priori significance 
level of 0.05 was adopted.                                                                                  M.Čabrić and N.T.James 
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Results 
 
  The results are summarised in tables 1 and 2. Swimming exercise appeared to 
have little effect upon the cross sectional areas of type I and type II muscle fibres. 
The mean volumes of myonucles,    v , were increased by nearly two thirds. The 
capillary  length  per  unit  volume  of  muscle, (LV  and  JV)  was  found  to  be 
significantly increased by approximately 30 per cent. 
 
Discussion 
 
  It is possible that discrepancies between the findings of previous investigators 
studying the effect of exercise on the diaphragm may result from a wide variety of 
causes. This could inculde the failure to realise that a constant sampling site in the 
rat  diaphragm  should  be  used  to  avoid  variations  known  to  occur  in  different 
regions in both the rat diaphragm [8,25] and also in other species, for example, the 
cat [26]. In addition, the diaphragm undergoes age related changes in its fibre type 
composition in the rat [19] and comparison of results is possible only for rats of 
comparable ages. Species variation in the composition of the diaphragm in also 
extremely varied. Several investigators have analysed the fibre type composition of 
diaphragm  muscle  in  a  wide  range  of  common  species  [4,7].  In  general,  the 
diaphragm of small mammals, for example, mouse, bat and shrew contain type I 
fibres  whilst  that  of  large  animals,  such  as  pig  and  ox,  contain  type  II  fibres. 
Animals intermediate in size, such as rat, cat and rabbit, contain a mixture of type I 
fibres, type II and intermediate fibres. About 40 % of fibres in the rat diaphragm 
are known to be type I [21]. 
  Moreover, direct comparison of structural alterations with functional findings is 
always difficult. For example, structural changes may occur in the distribution of 
intracellular organelles e.g. the movement of mitochondria to alternative regions 
within the cells to facilitate increased diffusion which may obviate the need for 
metabolic alterations in their metabolism. Further, it is possible that increases in 
the  oxygen  supply  available  through  increases  in  the  extent  of  the  capillary 
network  could  also  avoid  the  need  for  significant  alterations  in  metabolic 
responses [10]. 
  The rat can be regarded as a most convenient animal both from body size and 
the  wide  range  of  muscle  types  for  studying  the  effects  of  exercise  on  the 
diaphragm. Changes in the fibre type composition in the rat [19,25] may suggest 
that  its  fibre  type  composition  is  related  to  increasing  body  weight  typical  of 
continuing growth and increasing metabolic demand in this species and is a further The effect of swimming exercise 
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indicator  of  the  usefulness  and  sensitivity  of  the  diaphragm  in  studying  the 
response of this muscle to exercise. 
  Four  weeks  swimming  exercise  clearly  resulted  in  some  structural  changes 
being detected in diaphragmatic musculature of the rat. The increases in nuclear 
volume are typical of those expected as a result of prolonged and more strength-
ońented exercise [2,9,13,15]. 
  The increases in capillary density, (LV and JV), clearly reflect an increase in the 
metabolit  demands  of  the  exercise  skeletal  muscle  [2,14].  These  alterations, 
together with the unaltered muscle fibre cross sectional areas, are consistent with 
an “isotonic” type of exercise response. This can be regarded as pi-predominantly 
a capillary increase based response as opposed to a more “isometric” type response 
in which there is either a selective or an overall increase in muscle fibre diameter. 
  As  far  as  estimation  of  obtained  structural  changes  in  the  carried  out 
experiment is concerned, one must take into consideration the fact, that intensity of 
effort load which rat underwent, was relatively lou. 
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